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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background 
 
One of the important and interesting phenomena in convective heat transfer 
can be observe in separated-reattached flow fields. The existence of ﬂow separation 
and subsequent reattachment due to a sudden expansion or compression in ﬂow 
geometry, such as backward facing and forward-facing steps, respectively, play an 
important role in the design of wide variety of engineering application were heating 
or cooling is required . These heat transfer applications appear in cooling systems for 
electronic equipment, combustion chambers, cooling of nuclear reactors, chemical 
processes and energy systems equipment, high-performance heat exchangers, and 
cooling passages in turbine blades .The problem of laminar and turbulent flow over 
forward-facing and backward-facing step geometries in forced, natural, and mixed 
convection have been investigated rather extensively, both numerically and 
experimentally [1]. 
 
Besides the theoretical experimental approaches, numerical simulation has 
established itself as the most practical and viable alternative to study and to 
2 
 
understand different engineering problems. However, numerical simulations would 
not be possible without the recent developments and improvements in computers in 
terms of memory size and computing speed[2]. 
As the power of supercomputers have increased in terms of computing speed 
and memory capacity, the accuracy of numerical simulations for physical problems 
has also increased by adding more complexity to the laws governing the 
phenomenon or by adding more  any scientific and engineering problem can be 
achieved by using numerical simulation techniques and supercomputers. 
 
The execution of numerical simulation avoids not only the annoying 
measurement in full-scale experimental setups, but also the prohibitively expensive 
and at times construction of such devices. On the other hand, the use of theoretical 
tools to solve such problems is limited and cumbersome thus precludes reaching the 
final solution. In contrast, numerical simulations are possible only after the complete 
mathematical description of the physical phenomenon is done and often experimental 
measurements are needed in order to verify the accuracy of the numerical results. In 
this sense, some followers define the numerical simulation as the modern approach, 
which joins the theoretical and experimental approaches for studying a physical 
phenomenon [3]. 
 
 Currently, numerical simulation is employed in several scientific, 
engineering and industrial areas, e.g. analysis of stability in mechanical structures, 
optimization of chemical reactions and combustion process, bonding energy and 
atomic collision. Representations of DNA three-dimensional structures and 
microbiological reactions, meteorological and weather prediction, fluid flow in turbo 
machinery and aerodynamics in vehicles, design of engineering devices involving 
fluid flow and heat transfer phenomena, etc. [2]. 
 
Conventional ﬂuids, such as water, engine oil and ethylene glycol are 
normally used as heat transfer ﬂuids. Although various techniques are applied to 
enhance the heat transfer, the low heat transfer performance of these conventional 
ﬂuids obstructs the performance enhancement and the compactness of heat 
exchangers. The use of solid particles as an additive suspended into the base ﬂuid is 
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1.2 Scope of this study 
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Figure 1. 1  Schematic diagrams of Triple Forward Facing Step having a 
circular cylinder 
 
 
 
1.3 Motivation  
 
To the best of the authors' knowledge, the mixed convection heat transfer in 
laminar regime for triple FFS flow and also using nanofluid   as working fluid has 
not yet been investigated. 
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1.5 Dissertation Outline 
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